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COMPUTER PROGRAM FOR TRANSONIC AIRCRAFT AERODYNAMICS 
TO HIGH ANGLES OF ATTACK 

VOLUME II 

comparisons of test cases with experiment 

John A. Axelson 
Ames Research Center 

Summary 

The present Volume II presents comparisons of the estimated and experi- 
mental aerodynamics for nine aircraft configurations over a wide range of 
angles of attack and Mach numbers. The. aerodynamic theory formulated for the 
AEROX program is documented in Volume I. Program operators should consult 
pages 15 through 19 of Volume 1. A program listing and sample output tables 
and plots are shown in Volume III. 

AEROX provides estimates of the lift, induced-drag and pitching-moment 
coefficients for wings, bodies, and for wing-body combinations with or without 
an aft horizontal tail. Both trimmed and untrimmed characteristics are estimated. 
Zero-lift drag coefficients (including friction, wave and propulsion-system 
additive drags) are not evaluated in AEROX, but may be input for inclusion in 
the output values of total drag coefficient and lift/drag ratio. The method 
is based on new, explicit aerodynamic formulations accounting for compress- 
ibility, transonic flow with strong shock waves and separation, and supersonic 
flow with detached leading-edge shock waves. The transonic airfoil mathematical 
model incorporates the Laitone limit Mach number criterion, with the cliordwise 
location of the shock as an input parameter rather than an extracted solution, 

A new lift equation derived from the integration of downwash momentum is used 
for nonpotential flow regimes. The directness of this new’, overall approach 
and the rapid execution time of the corresponding AEROX program are ideally 
suited for use in computerized aircraft preliminary designs and optimizations, 
and in activities dealing with aerodynamic instruction and research. 
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Test Cases 

Validation of the AEROX program is presented in the form of comparisons 
of the estimated and experimental longitudinal aerodynamics for nine different 
aircraft configurations over the broad flight envelope shown in figure 1(a). 

Sketches of each configuration appear in figures 1(b) through l(j), and the 
dimensional inputs are summarized in Tables I through IX. The test cases 
include the F4; the F5; a light-weight fighter configuration designated Model L; 
five related research models identified as A-l through A-5; and the shuttle 
orbiter. 

Data Presentation 

The experimental results presented in figures 2 through 10 consist of 
static aerodynamic coefficients measured in wind tunnels and reported in 
references 1 through 7. Shown in the figures are lift curves (C^ versus o( ), 
drag polars (C versus C n ) , and pitching-moment coefficients (C versus C< or C ). 
The AEROX program includes the option for estimating trimmed characteristics 
(ITRIM=1) up to 25° angle of attack. Comparisons of the AEROX trimmed 
estimates with the limited amount of available, trimmed-f light data indicate 
the same good agreement as displayed here with the estimated and measured 
static aerodynamics. The small numbers appearing on the plots identify the 
flow regime (fig. 1(a)) and the particular equations (vol. I) used in the 
estimation. Two sets of symbols for the same model identify different test 
conditions or model supports. 

DISCUSSION 

Accuracy 

The formulations in the AEROX program constitute the only known analytical 
method for estimating transonic aircraft aerodynamics to maximum lift. No 
estimates are included for the effects of the propulsion system, such as the 
inlets, nacelles, nozzles or power-induced effects. Approximations are included 
for the contributions of the nose, afterbody, horizontal tail and wing leading-edge 
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chord extensions or strakes. In view of the complexity of the problem, and in 
light of the simplifications required in arriving at a rapid, practicable com- 
puter program, the goal for accuracy is realistically set at +5 percent of the 
maximum values of lift and drag coefficient, and ^5 percent CBARW in the aero- 
dynamic center location used in evaluation of the pitching-moment coefficients. 
Over 90 percent of the 117 pages of data comparisons presented here meet the 
goal. There is generally good agreement at all angles of attack. 

Test points which differ from the estimates by greater than -5 percent do 
not necessarily infer errors in the program, but rather these differences can 
often be attributed to test procedure or model contours not appropriate to the 
present analysis. For example, the reduced lift measured for model L at the 
higher angles of attack at a Mach number of 1.8, (fig. 4(d)) is believed to 
stem in part from the relatively large model (1.5 ft. span) in the 4-foot super- 
sonic wind tunnel. 

Subsonic experimental lift coefficients which are well below the estimates 
are shown in figures 6(a,c), /(a,c), and 8(a,c) for the related models A- 2 , A-3 
and A-4. These lower experimental lift coefficients above 10° angle of attack 
can be attributed to the poor subsonic characteristics normally associated with 
the type of airfoil used on these models. For simplicity of construction, the 
sections were double beveled, flat airfoils with four essentially sharp ridge 
lines, which would tend to promote separation at subsonic speeds (but not at 
supersonic speeds). Note that in the case of model A-3, tail off, (fig. 7(a)), 
the flow apparently re-established itself above 30° angle of attack, and good 
agreement with estimate resulted. There was agreement at all angles of attack 
for models A— 1 and A-5 at 0.6 Mach number (figs. 5(a), 9(a). These models had 
the highest sweep angles for the leading edges and the ridge lines and experienced 
relatively little separation. 

Because of the sharp ridge lines and almost sharp leading edges on the wings 
of models A-l through A-5, the airfoil designator was set at ALELJ=1 for subsonic 
speeds. The small bluntness of the leading edges would promote detached bow 
shocks at supersonic speeds, so the value of ALELJ used was 5 for the 
supersonic estimates. The leading-edge radius has strong influence at transonic 
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speeds, but at supersonic conditions with detached bow shocks, it exerts no 
direct influence on lift in the present program. The leading-edge radius at 
these conditions (i.e., Z=6) continues to influence the wave drag and the C 
values entered on the input sheets (Tables I - IX). 

Applicab ility 

The AEROX program provides estimates of longitudinal aerodynamics through 
maximum lift at all Mach numbers above those where low-speed, viscous stall 
predominates. The separate or combined characteristics of wings, bodies and 
tails are estimated. The program should also prove useful for augmenting, 
correlating, and validating limited or questionable samples of experimental 
data. Because of the low cost and versatility of the AEROX program and its 
parameterization capability, it constitutes a valuable aid for design, instruction 
and research activities. 

CONCLUSION 

The AEROX computer program provides estimates of lift and induced drag 
coefficients for aircraft (including maximum lift) at transonic and supersonic 
speeds with an accuracy generally within -5 percent of the maximum values. The 
accuracy for the estimated pitching-moment coefficients is generally within 
^5 percent of the wing mean aerodynamic chord for the aerodynamic center 
location. The AEROX program provides a valuable tool for estimating, corre- 
lating, augmenting and validating aerodynamic characteristics and is ideally 
suited to computerized design, instruction and research activities. 


Nomenclature 

The symbols appearing on the input and output listings of AEROX and on the 
enclosed figures are defined as follows: 


ALE'LJ , J Input integer identifying type of airfoil (l£j£5i. See AXE listing, 

ALFTR trimmed angle of attack (ITRIH=1) , deg. 

ALPHA, angle of attack of wing reference plane, deg. 

ALTV input altitude, ft. 

APLAN plan area of nose, sq. ft. 

ARH input aspect ratio of horizontal tail 

ARW input aspect ratio of wing 

ASECT nose maximum cross-sectional area, sq. ft. 

BDJIAX input body diameter, ft. 

I 

CBARW wing mean aerodynamic chord, ft. 

CDHOR horizontal tail induced drag coefficient (ref. to wing area) 

CDW nose or body induced drag coefficient (ref. to wing area) 

GDO input wing minimum drag coefficient 

CDOB input additive drag coefficient (body, tail, propulsion system) 

CDSEP wing separation drag coefficient (Z=4) 

CDTOT,CD total drag coefficient 

CDW wing induced drag coefficient 

CLHOR horizontal tail lift coefficient (ref. to wing area) 

CLN nose or body lift coefficient (ref. to wing area) 

CLO input wing lift coefficient at zero angle of attack (subsonic) 

CLOB input additive lift coefficient (body, propulsion system) 

CLTOT,CL total lift coefficient 
CLV7 wing lift coefficient 

CLWL lift coefficient for wing lower surface 

CLITO lift coefficient for wing upper surface 


CM, Cm pitching-moment coefficient 

CMO input wing pitching-moment coefficient at zero angle of attack 

CMOB input additive pitching-moment coefficient (body, propulsion) 

CROOT wing root (<^ ) chord, ft. 

CTIP wing tip chord, ft. 

DALTR increment of angle of attack to maintain enduring trim, deg. 
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DELH increment of tail deflection to trim, dec. 

DURING wing lift-curve slope, per rad. 

I 

DWASH downwash angle at horizontal tail, deg. 

FTOTL multiplying factor to change lift coefficient reference area 

FTOTD " " " " drag " " " 

FCH ” " " " pitching-moment coefficient reference 

area or length 

ICDO input control integer for minimum drag; 0, CDO omitted; 1, input wing 

CDO included, 

IFLEX input control integer for strake. bluntness; 0, sharp; 1, blunt, 

ITRIM input control integer for trim; 0, untrimmed; 1, trimmed («i 25 6 ) 

IT input horizontal tail incidence, deg. 

IXCD input, control integer for limit shock position; 0, constant X/C; 

1, limit shock sweep angle SHK specified from XCD at airplane 
centerline. 

J,ALELJ input integer identifying airfoil • See AXE listing. 

L/D lift /drag ratio when ICDOl. 

LE tail length from moment center or center of gravity, ft. 

LT tail length from CBARW/4, ft, 

• I % ' ' " . ' • . - . ; ' . ■ ' ■ ■ ' ■ ' 

M,SMN Mach number 

'1 

RNtOC Reynolds number per foot. 

ROC input leading-edge radius-to-chord ratio for J=5 airfoils. 

SEXT input area of forward wing-chord extensions (strakes), sq. ft. 

SHK Input sweep angle of limit shock when IXCD=1) , deg. 

SH0R input horizontal tail area, sq. ft. 

SMN,M Mach number 

SP^NW wing span, ft. 

I 

SQH input sweep angle of horizontal tail C/4 line, deg. 

SQW input sweep angle of wing C/4 line, deg. 

SWING input wing reference area, sq. ft. 

SWPWLE sweep angle of wing leading edge, rad. 

TCRW input thickness-to-chord ratio of wing root ((£_ )chord 

TCTW input: thickness-to-chord ratio of wing tip chord. 

TRW input wing taper ratio, 

XCD dnput designated chordwise location of limit shock, Z®4. 

XCG input longitudinal station of moment center or center-of-gravity , ft. 

XEXT input longitudinal station of centroid of wing chord extension SEXT, ft. 
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XLB input body length, ft. 

XLN input nose length, ft. 

XQHOR input longitudinal station of horizontal tail C/4, ft* 

XQMAC input longitudinal station of wing CBARW/4, ft. 

YHOR input horizontal tail height from wing chord plane, positive for 

high tail, ft. 

Z integer identifying flow zone. 
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TABLE I 

Jj£U^^j;4_TE5T_ CASE _(Fi^_2a-_e)l 


(fifU UP "TO 5$ CHARACTER* LONG)-* F4 TEST CASE (ovf.o^mtj 

lL APR AYS 


NSHN • 

SW ■“ 

icon • 
coo • 
— c*o • 

CLOB • 
C008 ■_ 

CJjfbS • 

ITAIN • 
BlN!>_ 
BWInGIN 
ALEtJ • 
hnarw • 
— Hwfprtnr 


0.40 , 0.90 

/ T 

.0110 , .02.00 


6. # 0, , 
6>, * 0 \» ? 
6. X 0. ^ 


1,00 


^ .0 310 


1.20 

,0420 


1 . 


1.60 

,0415 


1.55 , 

• 0410 > 


(b,* 0. , 

O 


3 

2.fZ 


0.167 9 
NHSO* • 45.0 • 

SWING • 530.0 ; » 
TC|W • oT^'f" 
HOC • 0 * 

bend 


HXARW = 

"Smthw = 6,1 &y 

MXSOW = 45.0 
SPANW = 3*7.4 1 
TCTM' 6.03 0* 
SIXT mo. . 


INAA* 

"INTAW 

INSOW 

CftOOT 

XOHAC 

XfXT 


1.0 


■ 1.0 • 

■ 1.0 • 

• 23.5 * 

• 25.763 * 

■ O. * 


CLO * 
CTIP * 
CBARW = 
IPLEX = 


0,0 9 

t-Mt. 

9 

0 f 


5.7 


— iNosnw 

BDNAX • 

»ENO 

kTAfCTN 

SHOA • °i(o.’ZS> 

YHOA • 1 -75 


XLN 


= 20.0 • XLB » 44,0 * XCG * 2&.60:, 9 


9 XQHOA * 50. /3 * 
• IT = O. * 


ARM 


SOH 


3 0. b* 9 


KIW5 

BFtpWIN 

nnalf • 


2 . 


MNXCO 
IXCD 

ALTV 

t?n6 

BFACTOH 
PTotL ■ 

IE NO 
lOOT^UT 
idata • 1 
TFU0PT»T 
tDisP • 1 
ODI 5 P • 1 . 

_ %E no 


• 0.35 * 

» o * 

■ 35 OOO. * 


NXAtP = 4o. 
T4XXC0" = iTc 


SHK 


- O. 


INALP 

INXCD 


3. 


0 , 325 * 


1.0 


PTOTO 


o 


PCM 


1.0 


1 
♦ 
1 


itABL » 1 ♦ 


"Bpuorvr t 

1 9 1 9 l • 1 * 1 

1 * t * 1 * 
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TABLE H 

JN£VT HQR F.5_J1§T_ CASEjgig, Sa-g) 


lAMAYS ... 

NSHN 

• *=> 

SHN ' 

■ 0.6' 

ICDO 

• 1 

coo 

• 0.0212 

CHO 

■ 5.X0. 

CL 09 

• 5.*0. 

CD0ll_ 

• 5. # 0 . 

— cwob 

• 5 , #• 0. 


0.6' , 0.9 , 1.1 , J.2 , 1.4 , 

0.0212 0.02 25 , Q.Of70„, g,W5 ,_0. 04=10 , 


ITHIH • 0 

__UNO 

SWING 1W 
ALttJ • 1 
WNA XW • 3.75 

”HWtRW • o'. z 
NMSOW *24.0 
SWING ■ 170. 

• — TC|M ~-*-o.oTa~ 
HOC. *0. 

SEwrv 

INOSETM 

BDftAX • 4-3 
UNO 

— irntm ~“ 

SHOt • 5-7.0 

VHOH • 0.0 

—me 

HFtpWIN 
NMAIF ■ 2.0 
MNgCO • 0.35 

IXCO • o 

ALTV *350(50. 

— i*»b 
4FKT0H 
FTOTL ■ 1-0 

UNO 

lOOTHUT 
tOATA • 1 


*XAHJt.= 3.75 
"HXT'HW = O.Z 
MX SOW = 24 . 0 


SPANW 

TCTM 

sext 


XOMOH 

IT 


25.25 
"o'. 045 
0. 


= 22.5 

» 3g.<i4 

~ 0.0 


INAR M i I.Q 
INfSw • 1.0 
INSOW • 1,0 
CROOT • ||.22| 
XOHAC * 25.77 
Xf XT ■ O. 


• 44,0 


• 2 .%% 


NXllP = 40. 0 


HXXCD 

SHK 


FTOTD “ 


0.475 

O, 


INAIF • 
INXCOiT 


CLO 
CTIP 
CBAXW 
I FLEX 


0. 325 « 


ID|$P • 1 
DD!$P ■ 1 
— SEND 


. ITABL • 1 

; "PFcom 

. i # i • i ■ 


\ 


i 


I 
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TABLE EL 


AAVi L/ I U'MLJ J-J i w-4- 

( TITLE UP“fb 5€ CHARACTMS LONG)*— MODfiL L 
Urmys , 
nshn • 4 , 


• 

shh • " o.tt pr:? 7 i .2 , i. 

ICDO • i 

COO • 0.0210 ; 0.02.00, 0.0360, 0. 

CHO • 4.^0.'"; ' 

CLOG • 4,*o. , 

coo* _ .. 

a , 

0 c. i 0 ^ 


. ... — ■■ 

— C*ob • ^.*o, 

ITHIH • o 

* UNO _ - - 

swing in 

ALCLJ • 3 * 

MMARW • 2.7$ t HXAHW = ?,75 < 

1NARW • /■ O __j_ 

i 

' 

HMtbW * 0 - 1 1 1 » Hxfpiw = 0.2 * 

NMSOH »43.5!3 # MXSQW =40.53- t 
SWING » 75 2- 3*=) y • SPANW =46 . S5a# 

“TC^W • o,o4si tctw =0.345* 

A Of. *0. • St*T * 0 . * 

GEWO 

INTBW • 1.0 9 

INSOW • 1.0 9 

CROOT • 27 5 * 

XOMAC • 3 -. 2 ' »'" 

XEXT • 0. 9 

! CLD 
CTIP 
CBARW 
IPLEX 

j t 

= Q. 0 9 

* 5 3504 1 . 

= 1 ®;. iji$f 

= 0 A 

IHOSIIM 

BO MAX ■ 5,f v XLN =25.0 . 

SEND 

XLB • 07 * 

XCG 

• 31,4- f 

— smcifT - , 

SHOP *25 6,2- v XOHOR - s'l.t 9 
VHOB ■ -2,2^9 IT =0. * 

ARM • Z.'HZ. 9 

SQM 

• 37-3 9 

&EHb 

SFtQWIN 

hnaip • z.o v m*Lf = 4o.o • 

INAIP n.Z.O 9 

.. V 


' HNjCO • o,35 * M **C° - o.ts'h* 
IKCb * o * SHK - o. * 

ALTV ■ 35oCO.* 

INXCO • 0. 325 9 



iend 

sfrctob 

PTOTt • 1 • FTOTD - 1. * 

PCM ml, 9 



SEMO 

lowri'UT 

IDATA • 1 , itabl • 1 * 

— TPC&T^'l , WLOt • I • „ 

LDJ$P • 1 , t 1 9 1 t 1 9 4 9 

DOISP • 1 , * 1 9 1 * 

— Send 
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TABLE JZ 

INPUT FOR MODEL A-l (Fig 5&- o) 


(TlTLt ~TO 54 CHARACTERS LONG)*- MODEL A-/ 

Umavs 

HSNN *5 , 

SRN ~ ■ 0.6 ~0.3~ , I'Z , 1.5 ,2.0 , 

ICDO • I , 

t CDO • 0.0120, 0,0200, 0,050 , 0.04M, 0,^340, 

CMO • 5. rt 0. , 

CL09 • 5.*0.J 
COOH »3.»o. t 


WOB *~,0 I 
ITRIH ■ O 
UNO 


0.0 


0.0 , 0.0 


iNlNCIN „ 

, AL8LJ • 3,' 5 
" NNARW • 4 , 0 

WfAW • 0.0 ‘ 

NNJOW *36, *7 * 

SWING ■I0g,|fe t 
TCjjW *0.013 f • 
A HOC. 

UNO 

INOSTTH 


f HXA RW = 4.0 
? HXTRW = 0,0 


■ O.j O.OOZf 


MXSQW =36.-2 7 
SB ANN = 20-10 
“TCTM "» 0,"i 6o 

StXT * O 


XLN 


= 4, 


XOHOR - 22.4 

IT = 0.0 


BDNAX • ?.£> 

UNO 

— krATcnr 
SMOA ■ 42,25 
YHOR • 0-0 

KUft5 j 

Uujwin 

NNALB * 2,0 • NXAUB = 4 o.O # INAIB • 

— nnxco“*“oT — r~nxxctr * "oT9~*“~inxcd • 

IXCO ■ 0 • SHK * o. * 

AL T V * 30 0^0, ♦ _ 

~ iwr ~ “ 


;: °J 





INARW • 1.0 




INTAW ■ l.o 

• 




INSOW • 1-0 

« 

CLO 

s 0,0 

t 

CROOT • 10.4- 

• 

CTIP 

- 0,6 

. L 

X0NA'C" »‘r3. 0 


CBAAW 

= 6,^33 

f 

XEXT ■ 0. 

• 

IPLEX 

a O 

% 


7 A 1^ - - 




26.0 

OFF 




XLi •2\.5%>J 

XCG 

• J 3.0 

9 

ARH • 4.0 

♦ 

SON 

• 22.5 

9 


2,0 

o. 3 


UjkCTOA w 
BTOT t ■ 1 
UNO 


BTOTD = 1 


PCH 


1. 


IOvt^UT 

IOATA • 3 . ITABL f 1 • 

m _ BTVT~ , -wait i it 


U>J$P • 1 ' 1 » 1 * 1 • 1 * 1 f 
ODISP * 1 ♦ l 

UNO " 

4 p» ra strr t;uc:uL A7£t> (r J ?.. -fbr f a fP&j-MLLsA:Lz^-6.-£ 

4 Fo* i- l KOC^O 

J= 5 ^.oc, =,004 _ , ,, - 

■t 7AILOfJ C£ D JA LJit Jh ^LSQu-'JL'Ix °J+o : 
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TABLE 3L 

INFU [T FOR MODEL ArZ ,jFi g 0 ) 


Tift 6 UP “TO 5$ CHARACTER* LONG*- MODEL A'2 

(ARRAYS 

N$HN • 5 

— 5hm — ■ o;& r ""ro79 "i,z “',7.5 V'2.0 v 

ICOO • j. 

CbO •0.0/? \OiOZk , 0 ,050 , 0 - 042 , 0 . 040 
CHO • 5,*©,., 
cio* • 5 ,x o >1 

CP OB *5, * o, , 

CMo'B i^T^oT, 

I TAIN • 0 


UNO 

&W ingin 


ALfLJ • 1; 5 

mnarw • 4.0 

t 

9 

hxarn 

s4/P 9 

INARW 

• 

( O.i , . 




1 

"MNtRW • 0.25 

t 

MXTRW 

= 0.Z5 • 

INTRW 

• 

1 0 \ 9 

, 




NNjpW • 24,23 

• 

MXSOW 

= Z4. Z3 9 

INSOW 

■ 

I/O i 9' 

CIO 

s 

0.0 9 


SWING ■| 0 ?.!< 2 > 


SPANN 

= 2 0 .HO t 

CROOT 

• 

9 

CTIP 

- 

2 - 0 ? f . . 


• — TCRlif • o, 6 1-72 

T 

“TCTN 

* b Obit • ' 

XOHAC 

• 

J 3 , y 3 2 9 

CBARW 

s 

5 . t ! 


ROC • 0.0:0.001 • 

SEXT 

*' 0 . 9 

XEXT 

• 

. 0 . t 

IPLEX 

s 

o 9 1 

j. 

RENO 






1 .. 1 




I ' 

-TINOSEIM " 






** ■* * 



■ [ 


■DMAX ■ 2.(e> 

? 

XLN 

= 10,6,5 9 

XLB 

* 

2 1 5? '‘it 

XCG 

■ 

l * , /321 9 


UNO 











tTfiZTW 











SHOR 9 42,2.5 

• 

XOHOR 

» 2 5 , 4~ • 

ARH 

• 

4. 0 9 

SOH 

• 

ZZ.S 9 


YHOR • 0, 

• 

IT 

= 0. 9 








— IfRI 5 











UtQNIN 







. 




NMAtP • 2.0 

» 

NXAtP 

= 4-0 . 0 9 

INALP 

• 

2.0 v 





0 3 

« 

“HXXCD 

= /•) , .9 9 

“INXCD 

• 

0 . 3. * 





IKCb • 0 

9 

SHX 

- 6. • 








ALTV • 

9 










— UNO 











uacto* „ 











PTOTU ■ * 

9 

PTOTD 

= 1. 9 

PCM 

• 

1- 9 







UNO 

Ioutput 

IOaTA • 1 % ITABL • 1 * 

— TPiirnrT , -wtmrs r : 

LDJ$P • 1 , 1 • 1 9 i * L 1 ! 

ODISP • 1 ♦ 1 * 1 • 1 • 

— UNO 

-Taiu nrr CDQZ.OU ,.01 1,011,0 2--: , -^23 

.. .. :• ). 
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I 


i 


t 


i 


TABLE 3 ZT , ^ v 

l^]^TFOKMapEh m 


T If L6 UR "ifr 5$ CHARACTERS LONG-*— MODEL A -3 

* iKBiWt 


WSHN 

• ^ ) 



*HN - 

ICDO 

coo 

■ O.b , 
" 1 ; 
• 0.019 , 

0,5 , i,r , 1.5 , 2.0 , 

0.022 , 0,050, 0.042 ,0.040 , 


CMO 

CLOB 

CDOR 

■J3.*0. , 
■ 5, * 0. ; 

■5.*0. , 



— CMOS™ 

ITRIH 

UNO 

•5*0., 
• 0 7 




HNA RW m 4.0 

MW^PlW ® 0 i S ▼' "« l nn — ly , u w ~ ■ * 

NNSPH • ,'4 0 3 • MXSOH = I4.J3 * IN$0W ■ 1,0 « CLO 

SWING ■!<)?. 16! * SPANW = 2o.%0 • CRODT • 2. <13 *_CTIP = 

TC|W — *b; 02O6~*“~TCTM' * 5.04*4 * ' XOHAC • /4, / 57 * CBA * W = 

ROC ■ ^ ' o, 00b * UXT *»' 0. • XBXT • O. t IR.EX * 

KEun ’ 


. 

t! 

HXARW = 

4.0 

i I warm. 

« 

l.o 1 

t 

MXTRW = 

0,5 

■ • iNtRW 

■ 

i-o ! 

t 

MXSOW = 

J4.J3 

t INSOW 

■ 

1.0 

» 

SPANW = 

Zb.%o 

• CROOT 

• 

2, T3 


0.0 » 
3.467 » 
5 ! . 

O * 


UNO 

IN6STTM 

BDHAX *2,6 1 

UNO 

— tnmw 
SHOE ■ 42,25 
YHOR ■ 0 , 

— Krwcr 


XLN » 11,7 


XLB 


t?C 0.(3 

21 . 5 ?', h ' 


XCG 


XOHQft » 23,4 
IT = 0. 


ARM 


4- 0 


2.0 


UlQWIN 
HM41F • 

MNXCD • 0.3 

ixco • 0 

altv * 30 000 * 

— mt> " 


t NXALF = 40, 0 « INALR • 2 .0 

V—Hmo ■«* ~~o79~* INXCD~» 6.3 
t SH* - 0, • 


1FACT0H 
RTOTL • 
11M0 
HOUTFUT 
idata • 2 


1. 


• FTOTD = 1. 


FCM 


2 • 


iu«i« » i 1 itab l - j, » 

— rPLor^ry , ~"W0 t ■ 2 # 

LDf $R • -3 ,7 ♦ 1 1 1 i l l 1 J 

ooi$R • 1 ♦ 1 *_L • X •_ 

— Und 


SOH 


i-lo7 t 
2 2,5 * 


. mu, CDn lSJJL * 

SHOfC : 0 , 
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TABLE m 

INPUT FOR MODEL A-4 (Fig, 8d.-o) 


title up to 56 characters Long 
Umays 


Model 4-4 


nsmn 

|PW“ 

I CDO 

coo 

CNO 

CL , 09 
COO* 
W OB 


5 

oTS" 

I 

0,01? 


• S. X 0 , 

• 5. NO. 

• 5. * 0 . 


“575~“ 

0.024 , 


') , "* 5 


175 ''7 zb' 






’40. 


• 5. * o, 

If* IN • 0 
UNO 


CWINGIN 

alilj * 

MNX XW m 

HNfPW • 0 .2 ~5 


•|5 

5,0 


MXA XW s 5.0 
9 NXT*W='0-Z5 


MX SOW =|9,? 
SPANW = 23. Lfc 
TCTM" * 0,07 7 

scxt * 0 , 


MNSPW ■ 19-“? 9 

SWING •lOtAQ’ 9 
TCSW •O.Oi^Z. 9 
KOjC ■d5.j0.0ozt 
UNO 

"1NOSTTN 

BDHAX • 2.6 9 XLN = 11.3? 

UNO 

~mrciN 

SHOP *42.2 5 9 XOHCJX 
YHO* ■ 9 IT 


INAXW * 
'iNTXW • 
INSOW • 
CBOOT • 
XOMAC • 


0 


l.o 9 
I .0 9 

7.44 9 
/4.7*f4 9 


CLO 

CTIP 

CBAXW 


0. 0 9 

] . 76 | 

f 


23,4 


xext 

• 0 . 9 

IPLEX 

= O 9 


~ -irri 
26.0 ;.•*,* 
• 2 1 . cv; '/i./ 9 



XLB 

XCG 

• ,4 . „ /— 9 ' 

AXH 

• 4*o , 

SOM 

• 43,5 9 


UtQWlN 
NNALP • z. o 
”NNKC0nr7T3 t 

ixco • o * 

ALTV *10 000 9 


9 NXAtf = 4 0,0 9 

mxco = ~oyr~i' 

SHK ^ O. 9 


I NX CO 


2. 


0.3 


~“iW 
uacto* 
ptotl • 
UNO 

Soutput 

ID ata » 
— n»i5T^r 
LD|$P • 
00ISP ■ 
— Send ~ 


1, 


9 PTOTD = 17 


PCM 


1. 


ITABL 

"PPUOT 

, 9 1 

. 9 1 


• 1 9 

9 1 9 1 

9 1 9 


of f Cp c> =.0)3< ,0)6) ;P_3& ^ • 72 7 

Suns - o. 


ORIGINAL PAGE IB' 
OF POOR QUALITY 
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TABLE HE 

2 NPUJ _ F 0 R MODEL . ArS ( Fig . 9 a -^_ 


Tlf L£ UP TO 5G CMARACtBRs LONG «-MOP£L A-5 
UmtAVS 


nshn 

— w ~“ 

ICDO 

COO 

CHO 

CL09 


O.b , 0,9 


1.2 


1,5 


Z.O 


• 0,016 \ Q.OI % , Q .Q5 0 ,.0,040., 0.0 35 , 


5.x a. 
5,X 0. 


— CMob 


• S.* <?■ 1 


ITRIM • 0 
UNO 

9 













IWINCI* , , 

MLIL J • 1 i 5 

t 













MNARW • 3-0 

* 

MXARW 


3.0 


iNARfeL 

■ 

1.0 

_1_ 





MNtrW m o'.zr 

* 

^Txtrw 

s 

<7.25 

• 

INTRW 

■ 

1.0 






NNSOW * 3/.0 

1 

MXSQN 

= 

3/. <9 

* 

INSOW 

• 

1,0 

* 

CLO 

S 

0.0 

9 

SWING •lot.lb 

» 

SPANN 

s 

13.0 

• 

CROOT 

9 


t 

CTIP 

X. 

2.4 

JL 

TCRW " -PTSTTT 

• 

~TCT¥ 



* 

XOMAC 

9 

'/3,/6 

• 

CBARW 

= 

<0,11 

9 

ROC •O.iO.CpZ* 

SIXT 

m. 

0. 

• 

XI XT 



• 

IPLCX 

c 

0 

9 

UNO 








T2WL 




*1ND$¥TC 




^.(o3 




26, <7 ^ 





BORAX • 2.6 
UNO 

V 

XLN 


• 

XLB 

• Zl.St Mi 

XCG 

• 

>3. ic, 

9 

— ITATCTN" 

SHOR • 42.25 

• 

XONOR 

XI 

Z 3,4- 

« 

ARM 

• 

4-0 

» 

SQM 

• 

Z2.S 

f 

VHOR • 0. 

* 

IT 

X 

0, 

• 









XfW y 














UlQWIN 
NNALP ■ 2.0 

* 

NXALP 

C 

4o, 0 

• 

IN ALP 

m 

2,0 

• 

■ 




NNjjcm* 0.3 

* 

"wncco" 

5= 

0.9 

• 

INXCD 

• 

0 .3 

9 





IXCO • 0 

• 

SHK 

— 

0, 

• 



* 






ALTV 9 30000 ': 

* 













— mb 














4f ACTOR 

ptotl • i 

t 

PTOTD 

- 

i: ; 

t 

_PCN 

• 

1. 

_*_ 






lOUTPUT 
IOATA • I 

— rrcor^rr 

LDf$P • 1 
00 ! *p • 1 
— Und 


. ITABL 

, -prior 

i • 1 

♦ * 2 


• 1 • 
* 1*2 
* 1 * 


TA IL orr Cx>O s.ota f .Ol2 ,.OZS <.025„02l , . . . 
SHOK s 0 . 


1 


I 


TABLE. H 

_ _ __ JNPJS FQ a-xy 


T I f L E UP "TO 5 G CHARACTERS LONG-* — SHUTTLE OR&lTE'fc 

I ARRAYS 


7.# 0, 


NSMN • h , ... . 

SHW ■ O.S- , 0T7l/i , T.6 ■; 2 . 0 " " 4:0 T ? T. 

ICDO • / 

COO • 0,064- ; o.osfc , 0,176 , 0. I&0, 0./43 , O.0?J , 0,065 , 

CMD ' ■ 7.# 0, , "" 

CL 09 »-o.i , -o.\ ,-(),0<r, -0,06, - 0 , 07 , XJ , 

CDQH ■ 7. to . , i 

WOB » 0,06 0,01 , 0.01 , 0.04, 0. 02 , -0.41* 0-0 , 

ITRIN • o 

„b*nb 

swing im 

ALCLJ *2. t 

UNA RM mZ.ZG » H XARW = 2.26 , INAR M ■ U _i_ 

HWfRW ■ 0~2 » MXTRN ■ o. 2. • INTRW mi. • 

NN|OM • S5-.Z • MX SOW * 35 , Z. f INSOW ■ I • CLO 

SWING • *?7. 1(0 • SPAWW * j 4 .05 f CROOT •l<?,5?7 • CT IP * 

'‘•~'TC|W'~'*”37Ti 1 TCTM' *"* o7l1 • XOMAC •T=’.* e ) t CBARw = 


-0.1 , -0,1 -0,0<r ,-0.^4, -0.0£,\ -0,07, XJ , 

7.*Q. , I 

0-06 , 0,<?I , 0.0? , 0.04, 0,02 , -0.01 , 0.0 , 

O 


ROC • 0, * SEXT *37.7 • XEXT • 6.5 * 

UNO 

— 1N6SKIN 

BORAX * 0/0 t XLN * (0. • XLB • 0. • 

URO _ 

kT A ft IN’ ~ ~~ 

SHOP ■ 0.0 v XOHdft » .19.3 • ARH • 3. « 

YHOR m p. 1 IT = 0, » 

1 

kFUQWIN 

NNrlF m 1,0 » MXALP = 4-0.0 # INAIP • <2.0 9 
NNXC^“* 0 5 * MXXCO = [ . 0 ' • I NX CO • 0.2 5 t 
IXCO • 6 t SMK * 0 . * 

ALTV • 50 000 t 

— n# 

SPACTOR j 

PTQTL • 1, » PTOTO - 2. * PCM • 2 . _* 

UNO •" 

kooiPUT 

IOatA • i , ITABL • 1 • 

— rpcemrr , ~wor iTT 

LOfSP • 2 ,2 f 1 *2 fill * 

OOISP • 2 ♦ I * 1 • 1 • 

— Send "" ' ’ 


t XLN * ( 0 . 


• XLB 


= . 0 . 


« IPLEX = 


• XCG 


• SOH 


W • r ^ c , . 

’* INXCO“» 0.2 5 * 


* PCM 


SVifitif: ' 


og FOOE QtmUl 
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-V 0 


ANGLE OF ATTACK 


SUPERSONIC 


ATTACHED SHOCK 
SHARP L.E. 



A1 A2 A3 A4 A5 


REFERENCE 


SHUTTLE 


6 , 


INPUT TABLE 

I 

II 

III 

IV 

V 

VI 

VII 

VIII 

IX 

: DATA FIGURE 

2 ( a-e ) 

3(a-g) 

4 ( a - i ) 

5 (a-o ) 

6 (a-o ) 

7 (a-o ) 

8 (a-o ) 

9 (a-o ) 

10(a-u ) 

WING ASPECT RATIO 

2.82 

mm 

2.75 

4.00 

4.00 

4.00 

5.00 

3.00 

2.26 

WING TAPER RATIO 

0.17 

0.20 

0.20 

0.00 

0.25 

0.50 

0.25 

0.25 

0.20 


NOMINAL a - RANGE 0° to 32° 0° to 22° 0° to 20 c 


0° to 60° 


0° to 33* 


MACH NUMBERS 


6, 0.9, 0.5, 0.8, 

1 . 1.2 1 . 2 , 1.8 


0.6, 0.9, 1.2, 1.5, 2.0 


0.6, 0.9, 1.2, 
1.6, 2.0, 4.0, 
8.0 


(b) TEST CASE SUMMARY 
FIGURE 1.- CONTINUED 




























































6 2 

(a) Cl VERSUS a; M = 0.9. 
FIGURE 2.- AERODYNAMICS FOR THE F4; J 















(e) Cl VERSUS C m ; M = 0.9, 1.2. 


FIGURE 2.- CONCLUDED. 





FIGURE 3.- CONTINUED. 
















/ 



0 48 12 16 20 24. 28 

a 

(a) C|_ VERSUS a; M - 0.5. 


FIGURE 4.- AERODYNAMICS FOR MODEL L; J = 3. 

\ 


8 


6 


20 


24 


a 

(b) CL VERSUS a; M = 0.8. 
FIGURE 4.- CONTINUED. 


X 











EXPERIMENT 


ESTIMATE 

FLOW ZONES INDICATED 


I I I L 

.3 .4 .5 .6 

CD 

(f) C L VERSUS C D ; M = 0.8. 

FIGURE 4.- CONTINUED. 


J 

.7 


! 




1.2 


1.0 


.8 


C L .6 


o 


.4 


.2 



FIGURE 4.- CONTINUED. 




(i) C L VERSUS C m ; M = 0.5, 0.8, 1.2, 1.8. 

FIGURE 4.- CONCLUDED. 

| 



mSmam ■■«■■■■■ 


ana 


■Hbmbbhhi 


(a) C L VERSUS CC; M = 0.6, J = 1. 
FIGURE 5.- AERODYNAMICS FOR MODEL Al; ARW = 4, TRW 



































o' 


HH 

wbwi— —■■■■ mSb mmu 


s 



























own 


ism 


■■■■■Mil 


EXPERIMENT 

TAIL ESTIMATE 

A k 

ON 

□ O 

OFF 

FLOW ZONE 3 



iiaani] 


IlMilHIl 


n\ 


E 






□ 0 


EXPERIMENT TAIL ESTIMATE 

k ON 

O OFF 




















4 1G 18 20 22 24 26 28 


(g) C L VERSUSCX; M = 1.2, J = 5. 


FIGURE 6.- CONTINUED 





















Ll-i.i-LU.uJ.X-i 
















FIGURE 7.- AERODYNAMICS FOR MODEL A3; ARW = 4,, TRW - 0.25. 









(b) C L VERSUS C D : M = 0.6, J = 1 
FIGURE 7-. CONTINUED. 




CO llUi,! 1.1.1 1.1 I 1 i- 1-l.-Ll.i-L-L.i 1 lJilni|l| | \ I I.L1J 













iiiiiiirH 

gggg^UBMMSBi 

— — 

■■■IIIIIIHII 

■■■■■■■■■■ 


oiaai 


■■■■■■■■■■■■ngn 
iiiiHiiiiiiiuin 


■ 






















5 20 25 

a 

(j ) C L VERSUS a; 
FIGURE 7.- 


EXPERIMENT TAIL ESTIMATE 



M = 1.5, J = 5. 
CONTINUED. 


\ 








. 6 


. 7 


.8 .9 

C D 

(n) C L VERSUS C D ; M 


FIGURE 7 .- 



























(e) C L VERSUS C D 


FIGURE 8.- 


















CONTINUED 






r«i 


■Sbibbsi 


EXPERIMENT 

TAIL ESTIMATE 

A k 

ON 

O O 

OFF 

FLOW ZONE 6 



I 


I 





TTTTTT?Tf*T1‘r 









100 



FIGURE 8.- CONTINUED 



(o) CL VERSUS Cm; 
FIGURE 8.- 






o 

CO 


i 



FIGURE 9 



y, M = 0.6, J = 1. 
- CONTINUED. 


\ 






















108 



(g) C L VERSUS a; M = 1.2, J = 1. 


FIGURE 9.- CONTINUED 


PAGE 


67 


Beal^H 


EXPERIMENT TAIL ESTIMATE 


SI 


m 








r rr r | *rrr rrr rrx f r r i r> 


EXPERIMENT 

TAIL 

ESTIMATE 

A k 

ON 


O O 

OFF 

FLOW 

ZONE 6 


(j) cl versus a; m = 1.5, 

FIGURE 9 .- CONTINUED 






• o 


.7 


.8 


i . 0 1.1 1.2 1.3 1.4 1.5 1.6 1.71.8 


C D 

(k) CL VERSUS Cd; M = 1.5, J = 5. 


FIGURE 9.- CONTINUED. 
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RESEARCH MODEL 
M = 1.50 



EXPERIMENT 

TAIL 

ESTIMATE 

A k 

ON 

— — 

o O 

OFF 

FLOW 

ZONE 6 


.5 -.6 

C m 


(1 ) CL VERSUS C m ; M = 1.5, 
FIGURE 9.- CONTINUED 












RESEARCH MODEL 

M = 2.0 











LIFT COEFFICIENT. CL 




PITCHING MOMENT COEFFICIENT. CLM 












lift coefficient, cl 





PITCHING MOMENT COEFFICIENT. CLM 




LIFT COEFFICIENT. CL 






LIFT COEFFICIENT. CL 



(h) C[_ VERSUS C D ; M = 1.2. 
FIGURE 10.- CONTINUED . 













Win • INI I IT -Mirn iwaunu nwrunr j 





ANGLE CF ATTACK. ALPHA. DEGREES 

(1 ) C m VERSUS a; M = 1.6. 






ORAG COEFFICIENT. CD 

(n) C L VERSUS C D ; M = 2 
FIGURE 10.- CONTINUED 







LIFT COEFFICIENT. CL 







LIFT COEFFICIENT. CL 







PITCHING MOMENT COEFFICIENT. CLM 













FIGURE 10.- CONCLUDED. 






